The use of a pulsed twin-cavity laser allows to study transient events and fast phenomena, like the ultrasonic surface acoustic waves that are the object of our interest. However, slight differences between the output beams can lead to a systematic phase mismatch that yields a broad fringe pattern (even in the absence of any phase change due to the measurand) which can hinder the detection and measurement of waves of very low amplitude. We profit from the fact that this mismatch changes slowly to propose an enhancement of the original TV holography technique to remove most of this undesired effect. For each measurement we record in fast sequence four primary correlograms. The first two (one with each cavity) are taken with the object at rest; the other couple records two mechanical states of the excited surface. Each primary correlogram is recorded with an off-axis configuration of the reference beam, which allows to recover its phase by applying the spatial Fourier transform method. The optical phase-difference calculated from the first pair of primary correlograms represents the phase mismatch between laser beams, and can be subtracted from the optical phasedifference map that carries the information of interest. The whole process is implemented in a single step by using complex arithmetic.
INTRODUCTION
Some kinds of ultrasonic surface acoustic waves (SAW) are used for the detection of surface and subsurface flaws in solid materials. Belonging to this category, we make mention of Rayleigh waves -since they are the ones employed in the work herein presented-which propagate as guided waves along the surface of a solid whose thickness is larger than the SAW's wavelength. The displacements produced by the wave in the solid are significant only in a zone under the surface approximately one wavelength deep. Due to the extremely high propagation speed of these waves (about 3000 ms -1 ) pulsed lasers are needed to work in transient mode. In this operation mode, the mechanical state of the specimen is frozen by pulsed laser illumination at two instants, generally separated by just a few microseconds. The short acquisition time involved presents several advantages. Among others, we can mention the high immunity to environmental perturbations and the possibility to select the recorded states close enough to the starting time of the excitation to avoid the presence of waves reflected at the edges of the inspected part. This last advantage should not be underestimated, since such reflected waves could interfere with the incident waves hiding the effects produced by the defects. Pulsed lasers with twin cavities are particularly interesting for the study of fast transient phenomena because they do not impose a minimum delay between pulses. However, slight phase differences between the output pulses from the twin cavities yield broad fringes that bear no relation to changes in the measurand. This phase mismatch, albeit small, can hinder the detection and measurement of wave-induced changes in the inspected surface. The phase mismatch between cavities drifts with time, but slowly enough to be compensated in the way proposed in the present contribution.
BACKGROUND
This section is aimed to give an overview of the basic TV holography technique presented some years ago by our group 1,2 . The main elements of the setup used in our experiments are shown in Fig. 1 : a twin-cavity frequency-doubled pulsed Nd:YAG laser, an interferometer sensitive to the out-of-plane component of the surface's displacement, a digital camera, a personal computer for image acquisition and processing, an electromechanical system for the generation and coupling of the ultrasonic surface waves to the sample, and electronics for the synchronization of these devices. The reference beam is guided by means of an optical fibre and it is shifted off the optical axis to introduce an optical spatial carrier in the primary correlograms 3 recorded by the camera. As the ultrasonic wave propagates on the material, two primary correlograms of the excited surface -frozen by one pulse of each cavity in two opposite states of its deflection-are recorded by the camera in two separate frames. Each frame can be described by the following equation
where I n =I n (x) is the intensity pattern of the nth primary correlogram, recorded at time t n ; g=g(λ) is the spectral sensitivity of the camera; ℑ 0,n =ℑ 0,n (x) is the local average intensity; ν n =ν n (x) is the local visibility, Φ n =Φ n (x; t n ) is the phase difference of the interfering object and reference beams, and x=(x, y) is the position on the image plane. The phase can be split up into its constituent terms, namely
where ψ p =ψ p (x) is the random phase difference of the interfering object and reference beams; φ o,n =φ o,n (x; t n ) is the object phase difference, related to the instantaneous position of the object's surface; φ r,n =φ r,n (x;t n ) is the reference phase difference and f c =(f x , f y ) is the spatial carrier yielded by the off-axis reference beam.
In the first stage of the original technique, a map of the optical phase-difference between exposures -proportional to the instantaneous wave-induced out-of-plane displacement-is calculated by applying a 2D extension 4 of the spatial Fourier transform method 5 (SFTM). Î 1 and Î 2 are the complex images obtained after Fourier transforming, filtering and inverse Fourier transforming the primary correlograms of the two excited states of the object. The optical phase-difference map (see Fig. 2 ) can be then calculated from these complex data in a single step 6 ( )
where * stands for conjugation. Taking into account Eq. 2, the following expression
describes the optical phase-difference map. ∆φ o represents the instantaneous wave-induced out-of-plane surface displacement between exposures. ∆φ r represents the phase mismatch between laser pulses, due to differences in alignment or divergence of the outputs from the two independent laser cavities. 
THEORY
If the phase distributions of the output beams from the twin laser cavities do not precisely match, the term ∆φ r in Eq. 4 can become significant, and the detection and measurement of the wave-induced out-of-plane displacement of the surface can be perturbed. To correct this undesired effect, we propose to record the same state of the undeformed surface in an additional pair of primary correlograms. The resultant optical phase-difference map represents the phase mismatch between cavities, and -assuming that it remains constant during the acquisition time of the four images-can be subtracted from the optical phase-difference map that carries the information. The correction procedure is outlined in Fig.  3 . The new optical phase-difference map is calculated as indicated in the previous section. Î 1 C and Î 2 C are the complex images obtained after Fourier transforming, filtering and inverse Fourier transforming the aditional pair of primary correlograms. The correction optical phase-difference map can then be expressed as follows
where the object phase-difference terms φ The optical phase-difference map from which we have removed the influence of the phase mismatch between laser pulses is obtained by subtraction
As shown in the previous section, the process can be implemented in a single step by using complex arithmetic an tan
1.1. C #2 Corection primary correlograms. 
EXPERIMENTAL
The laser is the master element of the setup and is triggered continuously at a frequency of 25 Hz. At the same rate, a short burst of Rayleigh waves of frequency 1 MHz is insonicated in a 30 mm thick aluminium plate, where it propagates at a speed of ∼3000 ms -1 . The primary correlograms are recorded before the burst reaches any edge of the sample, so reflections are avoided and the use of acoustic absorbers is not necessary. The thermo-cooled double-exposure CCD camera records pairs of primary correlograms of size 1280×1024 pixels with a separation of 1,5 µs between frames. Each acquisition cycle -that comprises the recording of four primary correlograms in fast sequence-is triggered by an asynchronous input of the user, via the software interface. At the beginning of the acquisition cycle, the synchronization system inhibites the wave emission, so the first pair of primary correlograms records the same undeformed state of the surface. The second couple of images is taken whilst the traveling wave propagates in the material (see Fig. 4 ). We have observed that the phase mismatch between cavities changes slightly with time. However, the drift is slow, so we can assume that the phase mismatch remains constant within one acquisition cycle. Since we use only one camera, the elapsed time between pairs of images depends on the speed of the data transfer from the camera to the frame grabber and from there to the PC, and takes about 500 ms. For the calculations we use a standard fast Fourier transform algorithm 7 (FFT), so that we operate within a "region of interest" of 1024×1024 pixels in every image. Figure 5 shows an example of the optical phase-difference maps yielded by the original (Fig. 5(a) ) and by the enhanced (Fig. 5(c) ) TVH techniques. Fig. 5(b) shows the phase values along the diagonal white line drawn in Fig. 5(a) . We can clearly see the phase change across the image due to the phase mismatch between laser pulses. On the upper left part of the image, we can also observe a phase jump from white (+π) to black (-π), i. e., a phase wrapping of the phase mismatch due to a large phase variation across the field of view and the use of the inverse tangent function in the phase calculation. Fig. 5(d) shows the corresponding result for the diagonal white line drawn across the corrected optical phasedifference map in 5(c). We observe that the phase slope and the phase wrapping have been removed. The presence of the short wave burst, unobservable in Fig. 5(a) , can be detected in Fig. 5(c) . In Fig. 6 we show an example of the influence of the phase mismatch correction in the calculation of the mechanical amplitude and phase maps of a wavefield. The first column in Fig. 6 shows an uncorrected ( Fig. 6(a) ) and a corrected ( Fig. 6(b) ) optical-phase difference maps from the same experiment. These images are the starting point of the second processing stage proposed in the original technique 2 . The wave-induced out-of-plane surface displacement gives a periodic structure to the images, which plays the role of a new spatial (mechanical) carrier, and we benefit from this feature to apply the SFTM to these modulated images. The modulus of the Fourier transform of Figs. 6(a) and 6(b) is shown in 6(c) and 6(d), respectively. The side lobes expected in the spectrum of a sinusoidal function can only be seen in Fig. 6(d) . We believe that the different phase values at opposite sides of Fig. 6(a) are interpreted by the FFT algorithm as actual phase jumps, what yields the large spurious frequency content near the origin seen in Fig. 6(c) . It is specially troublesome if the wave-induced spatial frequency in the optical phase-difference maps is low, because the side lobes that carry the wave information are then located very close to the zero spatial frequency and can be hidden by this kind of artifacts. The white rectangle in Fig. 6(d) indicates the size and position of the filter applied to the spectra in 6(c) and 6(d). After inverse Fourier transforming each filtered spectra, we obtain a complex-amplitude map. The modulus and argument of the complex data yield respectively the mechanical amplitude and phase maps of the wavefield. Figs. 6(e) and 6(f) show the mechanical amplitude maps obtained in our experiments. The real part of the complex fields (Figs. 6(g) and 6(h)) combines information from modulus and argument and yields a smoother reconstruction of the waveinduced surface displacement maps shown in the first column.
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CONCLUSIONS
We present a simple method to correct a systematic phase mismatch between the outputs of a pulsed laser system with twin cavities. For each measurement we record in fast sequence four primary correlograms. All of them are recorded with the same off-axis configuration of the reference beam, which allows to recover their phases by applying the spatial Fourier transform method. The first two primary correlograms record the same state of the undeformed object, whilst the other couple records two mechanical states of the excited surface. The optical phase-difference map corresponding to the first two images yields the phase mismatch at the recording instant. It is subtracted from the optical phase-difference obtained from the second couple of primary correlograms, which carries the information of interest. An example of the method applied to the measurement of surface acoustic waves is presented. 
